The chromium(VI) and chromium(III) depositionson thegold nanoparticles (AuNPs)-modified glassy carbon electrode (GCE) from aqueous solutions were studied by means of cyclic voltammetry technique. The deposition processes were investigated at +25°C. The anodic and cathodic scannings were recorded within the potential range of -500 to 1500 mV. The scan rate and multiple cycling were carried out to examine the behavior of the electroactive species on the electrode surface. The logarithmic of the plot between Ip and V reflected a diffusion controlled by the irreversible redox reaction of Cr(III) and an adsorption-driven process. These results strongly suggested that the irreversible redox reaction of Cr(VI) was controlled by the diffusion step.
Introduction
Analysis of chromium using electrochemical methods has been developed concurrently with increasing types of measurement needs. This development resulted in various modifications on the working electrodes, one of them beingcarbon-based electrode, which can then be applied for the purposes of analysis 1 . From the various modifications that need to be carried out a study was done to determine the electrochemical processes that occur around the surface of the electrode. Several processes occur on the electrode surface, electrontransfer, diffusion, and oxidation-reduction reactions. The method used in the study of processes that occur around the surface of the electrode is cyclic voltammetry 2 . This method was chosen because it is simple, the analysis time is fast, and it has a good precision and accuracy so that it can provide useful information related to the processes that occur at the electrode surface 3 . The active area of electrochemical sensor research is the development ofworking electrode.The working electrode modifications include: the use of adsorption substances that are irreversible to the desired function, covalent bonding of the components of the surface, and coating the electrode with a layer of polymer or nano-sized material 4 . Carbon-based electrodes used in the sensor application have the disadvantage that is not sensitive to Cr(VI). It is necessary either as a pre-treatment on the surface, or by modifying its surface with gold nanostructures to be sensitive to Cr(VI) 5 . Nano-sized materials used currently is very large, one of which is the use of metal nanoparticles in the field of sensors. The use of metal nanoparticles are very knowledgeable in the field of sensors due to the metal nanoparticles characteristicas having the nature of catalysis and good surface area. The development ofnano-sized materials on analysis of electrochemical techniques, one of which is the nanotube-based electrode, has shown an increase in high sensitivity. That is the basis of the electrode made of other types of gold nanoparticle-based, considering that the two electrodes are competing for use in electrochemical analysis. Another advantage of the gold nanoparticles compared to carbon nanotubes is that it can be produced simpler 6 . Surface modification of carbon-based electrodes with AuNPs generate profits in the field of sensor because it can facilitate electron transfer between the electrode surface and a carbon-based analyte. In this research cyclic voltammetry used on GCE modified withAuNPs to measure Cr(VI) and Cr(III). Between Cr(III) andCr(VI) there are significant differences in toxicity, reactivity and bioavailability [7] [8] . Therefore, it is important to distinguish between Cr(III) to Cr(VI). In addition, sensitive analysis methods are needed to distinguish them.
Experimental

Chemicals
Ammonium hydroxide, acetic acid, 37% hydrochloric acid, ethanol, potassium chloride, chromium trichloride anhydrate, sodium citrate, sodium acetate, sodium tetra hydrobarate, hydrogen tetracloroaurate(III) trihydrate of analytical grade and were supplied by Merck.
Preparation of AuNPs
AuNPs colloids were prepared by reducing Au(III) using NaBH 4 . A total of 15mL of 0.1mMH AuCl 4 solution was added to 5mL pipette aqua bidest and stirred using a magnetic stirrer for 5 minutes. Then 0.5 mL of 0.1M sodium citrate solution was added and stirred using a magnetic stirrer for 5 minutes, followed by an addition of 290 mLof 0.1 M NaBH 4 , with a pH of 6.5. The colloid was finally characterized using UV-Vis spectrophotometer at a wavelength of 518 nm and TEM to determine the size and shape of the AuNPs formed.
Preparation of GCE modified with AuNPs
The GCE surface to be modified was rubbed on a 8 nm Al 2 O 3 solids greater than1000 meshs and paper, then sonicated in ethanol and aqua bidest each for 5minutes and then dried. The first modification was conducted by immersing the GCE, the surface of which had been activated with a solution of AuNPs for 24 hours. After this process had been completed, the AuNPs modified GCE was further characterized by using Scanning Electron Microscope (SEM). The second modification was conducted by a photochemical reaction. Photochemical reaction was made effective by immersing the GCE intoa concentrated ammonium hydroxide solution then irradiated under UV light at a wavelength of 254 nm for 6 hours. This procedure isknown as self-assembly process 9 . The modified electrode was used as a working electrode.
Electrochemical measurements.
Electrochemical measurements were carried out in a single compartment cell using a potentiostat (Metrohm® μAutolab type III) 757 VA at room temperature (23ºC). The reference electrode used was Ag/AgCl and the counter electrode was a Pt electrode. Measurements of Cr(III) were performed in acetate buffer pH5.0, while the measurements of Cr(VI) were performed in 0.01M HCl. All potentials given in this work are with respect to the Ag/AgCl sat. reference electrode (0.2 Vvs.SHE).
Resultand Discussion
Characterization of the AuNPs colloid
AuNPs was synthesized using citrate ions as a capping agent. After reducing with NaBH 4 , the gold solution changed its colour from yellow to ruby red (λ =518nm), showing colloidal AuNPs with an average dimension of 2-5nm had been formed 10 .Characterization using TEM showed that the average dimensions of the gold nanoparticles was ~2.2nm ( Figure 1 ). AuNPs were then used to modify the GCE. Fig. 1 . TEM image of gold nanoparticles GCE was modified by attaching AuNPs on its surface. The GCE surface modification process began with cleaning and activating the GCE surface.The modification process of GCE surfaces was initiated by cleaning with aluminium oxide then activating the electrode surfaces. GCE surfaces were activated in order that the attaching AuNPs distributed evenly with great amount, resulting in enhancement of GCE sensitivity to analyte. Many ways can be conducted to activate, one of them is to do a photochemical reaction. With photochemical reaction, the GCE is immersed into a solution of concentrated ammonium hydroxide then irradiated under UV light at a wavelength of 254 nm for 6 hours.The method is known as self-assembly process 9 . This process produces amine group (NH 2 ) which replaces the group (-H) on the GCE surface. Furthermore,with the formation of NH 2 end groups, AuNPs will attach itself on the GCE surface. This is evidenced by the SEM-EDS results. The coated AuNPs on GCE surface resulted from the self assembly process has a grade percentage of as much as12.33% AuNPs (Figure 2 ). 
Characterization of the AuNPs-modified GCE using cyclic voltammetry
In this characterization, the electrode system consisted of Ag/AgCl (saturated KCl) as a reference electrode, platinum as a counter electrode and the GCE with AuNPs as the working electrode.The potential determined was the reduction potential value of Cr(VI), and the current observed was the cathodic current. The potential reduction of Cr(VI) was determined from the cathodic peak value of cyclic voltammetry. The cathodic peak was a peak that formed during reduction of the most negative current. The potential range was varied so that the Cr(VI) would be reduced at the electrode surface. The current was measured initially to the end potential of (1500mVto-1500mV) by 100mV/s scanrate in order to get a cathodic current and then measured the potential back to the initial position to get the anodic current. Figure 3 is a voltammogram showing the relationship between the variation of the concentration off low reduction of Cr(VI) in 0.01M HCl with theAuNPs-modified GCEvsAg/AgCl. Figure 4 shows that the GCE modified with AuNPs are sensitive to Cr(VI). The voltammogram shows the relationship between the current reduction of Cr(VI) where the potential for the reduction of Cr(VI) was+300mVand the reaction was irreversible.
The peak current and potential of Cr(VI) cyclic voltammogramon theAuNPs-modified GCE varies with changes in scan rate, shown in Figure 5 .With higher scan rate, the cathodic peak potential was adjusted slightly towards more positive values. The plot between the logarithm of peak current (log i p ) versus the logarithm of the scan rate (log ν) was linear ( Figure 6 ). In the scan rate range of 40-100 mV/s, the following equation y = 1.17x -8.04, R 2 = 0.99. The plot between the log i p versus the log ν in Figure 6 , whose the slope was more than 1, it shows that Cr(VI) on theAuNPsmodified GCE was controlled by the adsorption process. If the curve of log ν is a linear, and the slope of 0.5, the peak current caused by the diffusion process and if its slope of 1, the peak current caused the adsorption event. If the obtained value of the slope were of 0.5-1 the events that occurred on the electrode surface caused by a mixture of diffusion and adsorption. As is shown in Figure 7 , the potential to be determined was the value of the oxidation potential of Cr(III) so that the anodic currents were observed. Oxidation potential of Cr(III) can be determined from the value of the anodic peak in cyclic voltammogram. Systematic variation of potential of Cr(III) was done to get oxidation at the electrode surface. The current was measured initially to the end potential of (1500mVto-1500mV) with a scan rate of 100mV/s to get a cathodic current and measure the potential back to the initial position to get cathodic currents. Figure7 is a voltammogram showing the relationship between the oxidation current of the variation in the concentration of Cr(III) when dissolved in acetate buffer pH 5.0 to the AuNPs-modified GCEvsAg/AgCl. Figure8 shows that theGCE modified with AuNPs also has a sensitivity to Cr(III). Voltammogram shows the relationship between the oxidation current of Cr(III) to the oxidation potential for Cr(III) is +1200 mV and the reaction was irreversible.
Gold is a sensitive electrode for measuring Cr(III). However, bulkgold has some limitations, such as high background current and easy to turn out to be inactive. Glassy carbon electrode is an electrode which has excellent properties such as the electrochemical potential in a wide, low background current, ultra-stability and is biocompatible. AuNPs can be used tomodify the GCE utilizing characters that are biocompatible, stable catalytic, and can be applied in various nanotechnology 11 . AuNPs have greater surface area than gold has in the form of bulk, so they are more sensitive to the measurement of Cr(III). As is shown in Figure 8 , using the AuNPs-modified GCE a linear relationship between concentration and current density requiredin the measurement of Cr(III) was obtained. The peak current and potential of the cyclic voltammogram of Cr(III) atthe AuNPs-modified GCE at various scan rate is shown in Figure 9 .With higherscan rate, the cathodic peak potential was adjusted slightly towards more positive values. In the scan rate range of 40-100 mV/s, the following equation y = 0,813x -6.995, R 2 = 0.989.The plot between the log i p versus the log ν in Figure 10 , whose the slope were of 0.5-1, this suggests that Cr(III) on the AuNPs-modified GCE was controlled by processes other than diffusion and adsorption process.
Conclusion
The Cr(VI) and Cr(III) depositions on the AuNPs-modified GCE from aqueous solutions have been studied using the cyclic voltammetry technique. Cyclic voltammetry measurements provide useful information about the current and potential in the oxidation of Cr(III) in buffer acetate pH 5 and the reduction of Cr(VI) in 0.01MHCl. Changes in the value of Cr(III) and Cr(VI) chemical reactivity can be seen from the trend shift occuring in the oxidation potential of Cr(III) and the reduction potential of Cr(VI) in the resulted cyclic voltammograms.
